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SPECIFICATION 
JM^^PFRSTON-rOMPRNS ATED OPTICAL FIBER 

TECHNICAL FIELD 

The present invention relates to a dispersion-compensated optical fiber which 
compensates a wavelength dispersion for a 1.3 |jm bandwidth zero-dispersion single mode 
optical fiber (Standard Single Mode Fiber, hereinafter called an "S-SMF" for short) which 
has a zero-dispersion wavelength in 1 .3 |xm bandwidth or a non-zero dispersion shift 
optical fiber (Non-Zero Dispersion Shifted Fiber, hereuaafter called as "NZ-DSF" for short. 
In particular, the present invention relates to a dispersion-compensated optical fiber in 
which there are few deterioration in characteristics even if it is formed to be a module by 
winding in a small reel. 

The present application is based on patent applications No. 2003-057013 and No. 
2002-069077 filed in Japan, the content of which are incorporated herein by reference. 

BACKGROUND ART 
In general, if a transmission distance for an optical fiber transmission path is 
formed to be long, a transmission speed is made to be high, and a number of a wavelength 
multiplication increases, there are a problem such as a transmission loss, an accumulated 
wavelength dispersion, and a polarization mode dispersion (Polarization Mode Dispersion, 
hereinafter called as "PMD" for short). It is possible to compensate the transmission loss 
by realizing an erbium-doped optical fiber amplifier. Next problem is an accumulated 
wavelength dispersion. A relationship between a transmission speed and an allowable 
wavelength dispersion is shown in FIG. 3. It is possible to compensate this accumulated 
wavelength dispersion by a module in which a dispersion-compensated optical fiber, etc. 
is used. 

By the way, the S-SMF is commonly used all over the world presently. If a 
transmission for 1 .55 \im bandwidth is perfomied by using this optical fiber network, a 




wavelength dispersion of approximately +17 ps/nm/km is generated in this 1.55 \\m 
bandvsridth. Therefore, if a signal is transmitted by using this optical fiber, the 
transmission characteristics deteriorates greatly by an influence of the accumulated 
wavelength dispersion in a long distance transmission. Also, although an NZ-DSF which 
has a smaller wavelength dispersion in 1.55 ^un bandwidth than in the S-SMF is installed 
mainly for a long distance transmission path, it is necessary to compensate the wavelength 
dispersion which is accumulated on the transmission path. 

Furthermore, at present, a wavelength multiplication transmission (Wavelength 
Division Multiplexing, hereinafter called as "WDM" for short) has been developed along 
with an increase in a transmission capacity; thus, the WDM transmission has already been 
realized practically in a lot of transmission paths. It is necessary to reduce the 
wavelength dispersion which is allowable over an entire wavelength bandwidth which is 
used in the WDM transmission. Therefore, it is necessary to compensate not only the 
wavelength dispersion but also a dispersion slope. A transmission optical fiber, a 
dispersion-compensated optical fiber, and a remaining dispersion characteristics after 
compensating the dispersion are shovra in FIG. 4. A code for a dispersion slope of the 
dispersion-compensated optical fiber is opposite to a code for a dispersion slope for a 
transmission optical fiber, there is a case in which a remaining dispersion may be small in 
a wide range of bandv^dth. An RDS is named for an index for indicating a performance 
for compensating this dispersion slope. The RDS (RDS; Relative Dispersion Slope) is a 
ratio of a dispersion slope with reference to the wavelength dispersion. RDS can be 
shown in a following formula (1) imder condition that D indicates the wavelength 
dispersion and S indicates the dispersion slope. 

RDS = S/D (1) 

In order to reduce the remaining dispersion in a wide range of bandwidth, it is 
necessary to adapt a value which has an opposite code of a dispersion against the 
wavelength dispersion of the transmission optical fiber such that the RDS is as close as 
possible. 

For such a dispersion-compensated optical fiber, for example, Japanese 



Unexamined Patent Application, First Publication No. Hei 6-1 1620 discloses a technology 
for a dispersion-compensated optical fiber which has a wavelength dispersion which is -20 
ps/nm/km or lower for compensating the wavelength dispersion in 1 .55 |xm bandwidth in a 
standard single mode optical fiber which has a zero-dispersion wavelength in the 
wavelength 1.3 |mi bandwidth. Also, Japanese Unexamined Patent Application, First 
Publication No, 1 1-95056 discloses a technology for a dispersion-compensated optical 
fiber in which a dispersion slope is reduce while reducing a connection loss such that an 
absolute value for the wavelength dispersion per a unit length is increased. 

Also, Japanese Unexamined Patent Application, First Publication No. Hei 8- 
136758 discloses a technology for a dispersion-compensated optical fiber in which the 
dispersion slope is minus such that the wavelength dispersion is -100 ps/nm/km or lower. 

On the other hand, Japanese Unexamined Patent Application, First Publication 
No. Hei 8-54546 discloses a small-diameter dispersion-compensated optical fiber which 
has a first coating layer of which Young's modulus is 0.1 kgfi^mm^ on an outer periphery 
of an optical fiber naked line (cladding) of which outer diameter is smaller than 125 jxm 
and has a second coating layer of which Young's modulus is 1 50 kgf/mm or greater on an 
outer periphery of the first coating layer in an optical fiber which has a coating structure 
shown in FIG. 2. In a sixth embodiment of this Japanese Unexamined Patent 
Application, First Publication No. Hei 8-54546, a small-diameter dispersion-compensated 
optical fiber is disclosed which has 60 ^un cladding, 160 ^un coating, and -80.0 ps/nm/km. 

Also, Japanese Unexamined Patent Application, First Publication No. Hei 10- 
1 15725 discloses a technology for a dispersion-compensated optical fiber which is 
connected to an optical fiber which has a wavelength dispersion in a transmission 
wavelength and compensates the above explained wavelength dispersion so as 
substantially to nullify the wavelength dispersion in an entire transmission system in the 
transmission wavelength. Also, Japanese Unexamined Patent Application, First 
Publication No. Hei 10-1 15725 discloses a technology for a dispersion-compensated 
optical fiber for reducing the wavelength dispersion in an entire transmission system in the 
transmission wavelength as close as zero which has a multi-layer structure such as at least 
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two layers or more which comprises a core which is formed by a siHca glass, a cladding 
which is formed by a silica glass on an outer periphery of the core, and a coating layer 
which is formed by a plastic resin member on an outer periphery of the cladding such that 
an outer diameter is smaller than 250 |am, the coating layer has 20 jim thickness or greater, 
and an outer layer which has a Young's modulus which is higher that that of an inner layer. 
A small-diameter dispersion-compensated optical fiber is disclosed in this Japanese 
Unexamined Patent Application, First Publication No. Hei 10- 11 5725 and in embodiments 
in a specification of US Patent No. 5,887,104 such that a diameter of an outer cladding is 
60 ^im to 125 ^im, an outer diameter of coating is 1 10 ^im to 250 ^im, and the wavelength 
dispersion is approximately -105 ps/nm/km. 

Also, it is reported, in a B-13-4, p-585, thesis titled as "Small Dispersion- 
Compensated Optical Fiber For Compensating Dispersion", 1999 General Conference, 
The Institute Of Electronics, Information And Communication Engineers, by Naoto 
Ogawa et al, that there is not a problem with regards to an increase in the loss due to a side 
pressure and rigidity point of view if a proto-type for a small-diameter dispersion- 
compensated optical fiber is produced in which a wavelength dispersion is -102 ps/nm/km 
to -1 10 ps/nm/km, an outer diameter of a cladding is 90 |im to 125 nm, and an outer 
diameter of coating layer is 150 jim to 185 ^m. 

Such a dispersion-compensated optical fiber is formed to be a module by 
disposing in a casing for winding a coil of which length is 1/5 to 1/7 of the transmission 
optical fiber. Although, when an accumulated dispersion in the transmission optical fiber 
of which length is approximately 120 km is compensated by a module of a dispersion- 
compensated optical fiber, a necessary length for the dispersion-compensated optical fiber 
is approximately 20 km; thus, it is necessary to wind a very long dispersion-compensated 
optical fiber. 

However, it is preferable that a size of the module should be constant with 
regardless to a necessary amount of for compensating the dispersion. Even if an absolute 
amount of the dispersion which is compensated is great, it is necessary to wind the 
dispersion-compensated optical fiber as long as possible in a small casing. Furthermore, 



it is preferable that this module for the dispersion-compensated optical fiber should be as 
small as possible so as to form a small transmission device. 

A volume of the module depends on a volume for winding the dispersion- 
compensated optical fiber. Such a winding volume is indicated by a product for a cross 
sectional area which includes a coating and a spiral length of the dispersion-compensated 
optical fiber. 

Therefore, it is effective if dispersion-compensated optical fiber is formed such 
that its diameter should be as small as possible for forming a small module as disclosed in 
the Japanese Unexamined Patent Application, First Publication No. Hei 8-54546, Japanese 
Unexamined Patent Application, First Publication No. Hei 10-1 15725, or US Patent No. 
5,887,104. 

The development for the dispersion-compensated optical fiber has been made 
such that an absolute value for the wavelength dispersion per a unit length unless the 
transmission loss is deteriorated, and an optical characteristic and reliability are not 
deteriorated; thus, the diameter of the optical fiber should be as small as possible in an 
allowable range. However, the technology which are disclosed in the above mentioned 
publication and a report by an institute was not sufficient for realizing a small module 
while restricting an increase of a loss which is caused by a bending loss over an entire 
range of the usage wavelength. 

DISCLOSURE OF THE INVENTION 
The present invention was made for solving the above mentioned problems. 
The present invention was invented so as to realize an stable temperature characteristics 
with a low loss and a lo PMD in a dispersion-compensated optical fiber such that a 
volimie ratio should be less than a half with reference to a module of the conventional 
dispersion-compensated optical fiber. An object of the present invention is to provide a 
dispersion-compensated optical fiber such that a fluctuation of a module loss should be 
within ± 0.5 dB in a temperature range (-5 °C to 70°C) which is used ordinarily even if a 
module of the dispersion-compensated optical fiber is produced. 



In order to solve the above problems, a first aspect of the present invention is a 
dispersion-compensated optical fiber in which, in at least a wavelength which is selected 
fi-om 1.53 ^m to 1.63 ^mi, a bending loss is 5 dB/m or lower when it is would by a 20 mm 
bending diameter, a wavelength dispersion is «120 ps/nm/km or lower, an absolute value 
of the wavelength dispersion per a unit loss is 200 ps/nm/dB or higher, a cut-off 
wavelength for used length and used condition is 1.53 ^un or lower, an outer diameter of a 
cladding is SOpm to lOOjim, an outer diameter of coating is 160jmi to 200fun, and a 
viscosity of a surface of a coating resin is 10gf7mm or lower. 

By doing this, it is possible to realize a dispersion-compensated optical fiber in 
which, even if it is wound in a small reel, a module loss is low, there is not an increase of 
a loss which is caused by a bending loss, there is not an outstanding increase of a loss 
which is caused by a bending loss in a long wavelength. Thus, it is possible to contain 
the dispersion-compensated optical fiber in a smaller module with reference to a 
conventional module of the dispersion-compensated optical fiber. Even if a module for a 
dispersion-compensated optical fiber by winding it in a small coil, it is possible to realize 
a module for the dispersion-compensated optical fiber which has a stable temperature 
characteristics such that a fluctuation of the module loss is ± 0.5 dB or lower in an 
ordinary usage temperature range (-5 °C to + 70°C). 

Here, a viscosity is defined as an index for a rigidity for attaching optical fibers. 
For example, it is measured such that an optical fiber naked wire which is wound in a 
plurality of times under an overlapped condition on a sending roll is wound by a constant 
tension and a tension which is applied on the optical fiber naked wire is measured when it 
is woxmd. 

A second aspect of the present invention is a dispersion-compensated optical 
fiber in which the viscosity of the surface of the coating resin of the dispersion- 
compensated optical fiber is Igfi^mm or lower. 

By doing this, it is possible to realize a dispersion-compensated optical fiber 
which has a fiirther stable loss characteristics to a temperature fluctuation therearound. 

A third aspect of the present invention is a dispersion-compensated optical fiber 
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in which a Young's modulus of a first coating layer which is disposed on an outer 
periphery of the cladding is 0.15kg£/nim^, a thickness of the first coating layer is 20 fim to 
30 nm, a Young's modulus of a second coating layer which is disposed on an outer 
periphery of the first coating layer is 50kgf7mm^, and a thickness of the second coating 
layer is 1 5 |Am to 30 jun. 

By doing this, it is possible to realize a dispersion-compensated optical fiber 
while maintaining a high reliability in which, even if it is woimd in a small reel, a module 
loss due to the winding operation is low, in particular, there is not an outstanding increase 
of a loss which is caused by a micro bend characteristics in a long wavelength. Thus, it 
is possible to contain the dispersion-compensated optical fiber in a smaller module with 
reference to a conventional module of the dispersion-compensated optical fiber. 

A fourth aspect of the present invention is a dispersion-compensated optical fiber 
which comprises at least a core and a cladding which is disposed on an outer periphery of 
the core. In this aspect of the present invention, a refiractive index difference of the 
center core section with reference to the cladding is +1.6% to +2.6%, a refi-active index 
difference of the intermediate core section with reference to the cladding is -0.30% to - 
1 .4%;a refractive index difference of the ring core section vsdth reference to the cladding is 
+0.30% to +1.0%;a ratio of a radius of the intermediate core section with reference to a 
radius of the center core section is 1.5 to 3.5;a ratio of a radius of the intermediate core 
section with reference to a radius of the ring core section is 1 .2 to 2.0, and a radius of the 
core is 4^m to 8^m, 

By doing this, it is possible to realize a dispersion-compensated optical fiber in 
which, even if it is woimd in a small reel, a module loss is low, there is not an outstanding 
increase of a loss which is caused by a bending loss in a long wavelength. Thus, it is 
possible to contain the dispersion-compensated optical fiber in a smaller module with 
reference to a conventional module of the dispersion-compensated optical fiber. 

Here, even if refiractive index differences in each of these layers, a ratio of a 
radius of an intermediate core section vnih reference to a radius of the center core section, 
and a ratio of a radius of the ring core section with reference to the radius of the 



8 

-I I ' 

intermediate core section are within these ranges, it is not certain whether or not it is 
possible to obtain the dispersion-compensated optical fiber of the present invention. 
From this point of view, in the present invention, it is intended to specify a structural 
parameter and a characteristic value of the dispersion-compensated optical fiber. 

A fifth aspect of the present invention is a dispersion-compensated optical fiber 
which comprises at least a core which is formed at least the center core section and the 
intermediate core section, and a cladding, such that a refiractive index difference of the 
center core section with reference to the cladding is +1.6% to +2.6%;a refractive index 
difference of the intermediate core section with reference to the cladding is -030% to - 
1 .4%;a ratio of a radius of the intermediate core section with reference to a radius of the 
center core section is 1.5 to 3.5;a ratio of a radius of the intermediate core section with 
reference to a radius of the ring core section is 1.2 to 2.0, and a radius of the core is 4|xm 
to 8 nm. 

By doing this, it is possible to realize a dispersion-compensated optical fiber in 
which, even if it is wound in a small reel, a module loss is low, there is not an outstanding 
increase of a loss which is caused by a bending loss in a long wavelength. Thus, it is 
possible to contain the dispersion-compensated optical fiber in a smaller module with 
reference to a conventional module of the dispersion-compensated optical fiber. 

Here, even if refractive index differences in each of these layers, and a ratio of a 
radius of an intermediate core section with reference to a radius of the center core section 
are within these ranges, it is not certain whether or not it is possible to obtain the 
dispersion-compensated optical fiber of the present invention. From this point of view, in 
the present invention, it is intended to specify a structural parameter and a characteristic 
value of the dispersion-compensated optical fiber. 

In a sixth aspect of the present invention, in at least a wavelength which is 
selected from 1.53 |im to 1.57|am, a quotient which is obtained by dividing the dispersion 
slope by the wavelength dispersion is 0.0026nm"^ to 0.010 nm ^ 

By doing this, it is possible to realize a dispersion-compensated optical fiber in 
which, even if it is wound in a small reel, a module loss is low, there is not an outstanding 
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increase of a loss which is caused by a bending loss in a long wavelength. Thus, it is 
possible to contain the dispersion-compensated optical fiber in a smaller module with 
reference to a conventional module of the dispersion-compensated optical fiber. 
Compatibly, the RDS in 1.53 ^m to 1.57^m is 0.0026 nm"' to 0.010nm'^ it is possible to 
realize a dispersion-compensated optical fiber which is suitable for the S-SMF which has 
an RDS typically such as 0.0034 nm"^ in l.SS^un and an NZ-DSF which has a typical RDS 
such as 0.007 nm ' to 0.010 nm V 

In a seventh aspect of the present invention, , in at least a wavelength which is 
selected fi-om 1.53 ^im to L57|im, a quotient which is obtained by dividing the dispersion 
slope by the wavelength dispersion is 0.0026nm'' to 0.041 nm"^ 

By doing this, it is possible to realize a dispersion-compensated optical fiber in 
which, even if it is wound in a small reel, a module loss is low, there is not an outstanding 
increase of a loss which is caused by a bending loss in a long wavelength. Thus, it is 
possible to contain the dispersion-compensated optical fiber in a smaller module with 
reference to a conventional module of the dispersion-compensated optical fiber. 
Compatibly, the RDS is 0.0026nm'' to 0.041 nm '; thus, is it possible to realize a 
dispersion-compensated optical fiber which is suitable for the S-SMF which has typically 
an RDS such as 0.0034 nm"'. 

In an eighth aspect of the present invention, in at least a wavelength which is 
selected firom 1.57 ^un to 1.63^m, a quotient which is obtained by dividing the dispersion 
slope by the wavelength dispersion is 0.0022nm'^ to 0.010 nm"'. 

By doing this, it is possible to realize a dispersion-compensated optical fiber in 
which, even if it is wound in a small reel, a module loss is low, there is not an outstanding 
increase of a loss which is caused by a bending loss in a long wavelength. Thus, it is 
possible to contain the dispersion-compensated optical fiber in a smaller module with 
reference to a conventional module of the dispersion-compensated optical fiber. 
Compatibly, the RDS in 1.57 ^m to 1.63^m is 0.0022 nm"^ to 0.01 Onm ^ it is possible to 
realize a dispersion-compensated optical fiber which is suitable for the S-SMF which has 
an RDS typically such as 0.0029 nm*' in 1.59 ^m and an NZ-DSF which has a typical 
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RDS such as 0.005 nm ' to 0.010 nm *. 

In a ninth aspect of the present invention, in at least a wavelength which is 
selected from 1.57 nm to 1.63|xm, a quotient which is obtained by dividing the dispersion 
slope by the wavelength dispersion is 0.0022nm"^ to 0.035 nm*V 

By doing this, it is possible to realize a dispersion-compensated optical fiber in 
which, even if it is wound in a small reel, a module loss is low, there is not an outstanding 
increase of a loss which is caused by a bending loss in a long wavelength. Thus, it is 
possible to contain the dispersion-compensated optical fiber in a smaller module with 
reference to a conventional module of the dispersion-compensated optical fiber. 
Compatibly, the RDS is 0.0026nm'' to 0.035 nm * in 1.57 jun to 1.63 \im; thus, is it 
possible to realize a dispersion-compensated optical fiber which is suitable for the S-SMF 
which has typically an RDS such as 0.0029 nm"' in 1 .59 |xm. 

Brief Description of Drawings 

FIGS. 1 A to C are views for showing an example for refractive index 
distribution of the dispersion-compensated optical fiber according to the present invention. 

FIG. 2 is a cross section for showing a structure for a coating layer of the 
dispersion-compensated optical fiber of the present invention. 

FIG. 3 is a graph for showing a relationship for a transmission speed and an 
allowable wavelength dispersion. 

FIG. 4 is a graph which shows a transmission optical fiber, a dispersion- 
compensated optical fiber, and a remaining dispersion characteristic after compensating 
the dispersion. 

FIG. 5 is a graph for showing a loss wavelength characteristics for a module of a 
dispersion-compensated optical fiber which uses a dispersion-compensated optical fiber in 
which a bending loss is varied. 

FIG. 6 is a graph for showing a temperature characteristics for a module of a 
dispersion-compensated optical fiber which uses a dispersion-compensated optical fiber in 
which a bending loss is varied. 
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FIG. 7 is a graph for showing a loss wavelength characteristics for a module of a 
dispersion-compensated optical fiber which uses a dispersion-compensated optical fiber of 
which outer diameter of the cladding loss is varied. 

FIG. 8 is a graph for showing a loss wavelength characteristics for a module of a 
dispersion-compensated optical fiber which uses a dispersion-compensated optical fiber in 
which a surface viscosity is varied. 

FIG. 9 is a graph for showing a loss wavelength characteristics for a module of a 
dispersion-compensated optical fiber which uses a dispersion-compensated optical fiber in 
which a Young's modulus of a coating layer and a thickness of the coating are varied. 

FIG. 10 is a graph which shows a remaining dispersion characteristics for a case 
in which an accumulated wavelength dispersion is compensated in S-SMF 100km by a 
module for the dispersion-compensated optical fiber which has a different RDS. 

FIG. 1 1 is a graph which shows a remaining dispersion characteristics for a case 
in which an accumulated wavelength dispersion is compensated in S-SMF 100km by a 
module for the dispersion-compensated optical fiber which has a different RDS. 

Best Mode for Carrying Out the Invention 
The present invention is explained in detail as follows. 

An example for a refractive index distribution of the dispersion-compensated 
optical fiber according to the present invention is shown in FIGS. 1(a). (b), (c). 

In FIGS. 1(a), (b), reference numeral la indicates a center core section. 
Reference numeral lb indicates an intermediate core section which is disposed on an outer 
periphery of the center core section la. Reference numeral 2 indicates a cladding which 
is disposed on an outer periphery of the intermediate core section lb. Also, in FIG. 1(c), 
reference numeral la indicates a center core section. Reference numeral lb indicates an 
intermediate core section which is disposed on an outer periphery of the center core 
section la. Reference numeral Ic indicates a cladding which is disposed on an outer 
periphery of the intermediate core section lb. Reference numeral 2 indicates cladding 
which is disposed on an outer periphery of the intermediate core section lb. 
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In FIGS. 1(a), (b), (c), A letter a indicates a radius of the center core section la. 
A letter b indicates a radius of the center core section lb. A letter c indicates a radius of 
the ring core section Ic. A refractive index difference of the center core section la with 
reference to the cladding 2 is indicated by Al. A refractive index difference of the 
intermediate core section lb with reference to the cladding 2 is indicated by A2. A 
refractive index difference of the ring core section Ic with reference to the cladding 2 is 
indicated by A3. 

The center core section la has a refractive index which is greater than the 
refractive index of the cladding 2. The intermediate core section lb has a refractive 
index which is smaller than the refractive index of the cladding 2. The ring core section 
Ic has a refractive index which is greater than the refractive index of the cladding 2. 

In a first example for the dispersion-compensated optical fiber according to the 
present invention, a ratio b/a of the center core section with reference to the radius of the 
center core section is 1.5 to 3.5, a ratio c/b of the ring core section with reference to the 
radius of the intermediate core section is 1.2 to 2.0, a radius of the core is 4 jam to 8^m, a 
refractive index difference Al of the center core section la with reference to the cladding 
2 is +1 .6 % to +2.6%, a refractive index difference A2 of the intermediate core section lb 
with reference to the cladding 2 is -0.30% to -1.4%, and a refractive index difference A3 
of the ring core section Ic with reference to the cladding 2 is -0.30% to +1.0%. 

Also, the dispersion-compensated optical fiber in this example is specified by 
specific values below in addition to these structures. Such specific values are such that, 
in at least a wavelength which is selected from 1.53 jam to 1.63 |xm, a bending loss is 5 
dB/m or lower when it is would by a 20 mm bending diameter, a wavelength dispersion is 
-120 ps/nm/km or lower, an absolute value of the wavelength dispersion per a \mit loss is 
200 ps/nm/dB or higher, a cut-off wavelength for used length and used condition is 1.53 
^im or lower, an outer diameter of a cladding is SOjim to lOO^un, an outer diameter of 
coating is 160pm to 200pm, and a viscosity of a surface of a coating resin is lOgfi^nrai or 
lower, more preferably 1 gf7mm or lower. Here, the wavelength dispersion is in a range 
in which it is possible to realize approximately -300 ps/mn/km or greater from a view 
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point of a range for controlling a refractive index difference and a bending loss. An 
absolute value for the wavelength dispersion per a unit loss is in a range in which it is 
possible to realize approximately 500 ps/nm/dB from a view point of a value of the 
transmission loss. 

A structure of a coating layer of this dispersion-compensated optical fiber is 
shown in FIG. 2. 

In FIG. 2, reference numeral 1 indicates a core. Reference numeral 2 indicates 
a cladding which is formed around the core 1 . A first coating layer 3 is formed on an 
outer periphery of the cladding 2. A second coating layer 4 is formed on an outer 
periphery of the first coating layer 3. It is preferable that the Young's modulus of the 
first coating layer should be 0.15 kgfi'mm^ or lower. Also, it is preferable that the 
Yoimg's modulus of the second coating layer should be 50 kgf/nmi^ or greater. 

A main role for each of the coating layer is such that the first coating layer serves 
for a shock-absorbing member so as to contact a surface of a glass member and the second 
coating layer serves for maintaining a rigidity for an optical fiber. Therefore, it is 
preferable if both the first coating layer and the second coating layer are thick. However, 
if both of them are thick, it is not possible to realize a pvirpose for providing a small 
module for a dispersion-compensated optical fiber by forming the dispersion-compensated 
optical fiber in a small radius. Also, if the Young's modulus of the first coating layer 
exceeds 0.15 kgf/nmi^, an external influence disturbs the optical fiber directly. 
Consequently, a micro-bend loss, etc. is generated; thus, a transmission loss is deteriorated. 
Furthermore, is the Young's modulus of the second coating layer is less than 50 kgC^mm , 
it is not possible to maintain the rigidity of the optical fiber. These values relates to 
thickness of each layer. It is preferable that the thickness of the first coating layer is 20 
^im to 30 ^m, and the thickness of the second coating layer is 1 5 |jm to 30 fun. Therefore, 
the relationship between these is shown in formulae (2), (3). It is preferable to use a 
resin of which Young's modulus satisfies conditions in these formulae from a fiber rigidity 
point of view. 

0.06xlO-^^SixEi^ 1.3x10"^ (2) 
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0.3^S2xE2^3.0 (3) 

Here, S| indicates a cross sectional area [mm^] for the first coating layer. Ei 
indicates a Young's modulus [kgfi^mm^] in the first coating layer. S2 indicates a cross 
sectional area [mm^] of the second coating layer. E2 indicates a Young's modulus 
[kgfi^mm^] in the second coating layer. 

In this dispersion-compensated optical fiber, it is preferable that an outer 
diameter of the cladding 2 is 80^m to lOOum, and an outer diameter of a coating which is 
formed by the first coating layer 3 and the second coating layer 4 is 160jxm to 200|xm. 

If an outer diameter of the cladding 2 exceeds 100 ^im so as to secure a necessary 
coating thickness, an outer diameter of coating is inevitably greater; thus, such a condition 
cannot be consistent with a purpose for providing a small module. On the other hand, if 
an outer diameter of the cladding 2 is smaller than 80 |im, the cladding thickness is too 
thin; thus, it is vulnerable to an influence of a micro-bend, etc.; thus, a loss characteristics 
is deteriorated. Although it is possible to reduce such an influence by increasing the 
coating thickness, it is necessary to reduce a characteristics such as a bending loss, etc. as 
long as it is smaller than 80 ^m Therefore, it is preferable that the outer diameter of the 
cladding 2 should be 80 jam or greater. 

Also, it is possible to form a short fiber by increasing an absolute value for the 
dispersion; thus, it is possible to realize a smaller module. If an outer diameter of a 
coating which is formed by the first coating layer 3 and the second coating layer 4 exceeds 
200 |im, such an effect is not so great. On the other hand, if the outer diameter of the 
coating is smaller than 160 |im, the thickness of the first coating layer and the thickness of 
the second coating layer are too thin; thus, it may be more feasible that it will be disturbed 
by a micro-bend, etc., or a deterioration of a rigidity in an optical fiber itself may occur. 

Also, if a module for a dispersion-compensated optical fiber is produced by 
winging a dispersion-compensated optical fiber of which diameter is formed to be small, a 
temperature characteristics for the module loss is deteriorated because of the surface 
viscosity. It is possible to realize a module for a dispersion-compensated optical fiber 
which has a stable temperature characteristics such as a ± 0.5 dB or smaller fluctuation of 
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the module loss in an ordinary temperature range (-S'^C to +70''C) by forming the surface 
viscosity to be 10 g^nun or smaller, more preferably Igf^mm or smaller even if a module 
for a dispersion-compensated optical fiber is produced by winding it on a small coil. 

For a method for reducing such a viscosity, methods can be named such as using 
an ultraviolet-ray-curable resin which contains 1 to 5 wt % of silicon component or 
forming the ultraviolet-ray-curable resin so as to have an 2 % or lower atmospheric 
oxygen density which is more preferably 0 %. 

By doing this, it is possible to realize a dispersion-compensated optical fiber 
which can be contained in a small module in which a module loss is low and there is not 
an outstanding increase in a loss in a long wavelength which is caused by the bending loss 
and the micro-bend characteristics with compared to a conventional module for a 
dispersion-compensated optical fiber even if it is wound in a small reel. It is possible to 
realize a module for a dispersion-compensated optical fiber which has a stable temperature 
characteristics such as a ± 0.5 dB or smaller fluctuation of the module loss in an ordinary 
temperature range (-S^'C to +70''C). 

A second example for a dispersion-compensated optical fiber according to the 
present invention is formed such that, in a W-type refractive index profile as shown in 
FIGS. 1(a), (b), a ratio b/a of a radius of the intermediate core section with reference to the 
radius of the center core section is 1.5 to 3.5, a radius of the core is 4 jam to 8 |im, a 
relative refiractive index difference Al of the center core section la with reference to the 
cladding 2 is +1.6 % to +2.6 %, a relative refiractive index difference A2 of the 
intermediate core section lb with reference to the cladding 2 is -0.30 % to -1 .4 %. 

Also, the dispersion-compensated optical fiber in this example is specified by 
specific values below in addition to these structures. Such specific values are such that, in 
at least a wavelength which is selected from 1 .53 to 1 .63 ^un, a bending loss is 5 dB/m 
or lower when it is would by a 20 mm bending diameter, a wavelength dispersion is - 
120 ps/nm/km or lower, an absolute value of the wavelength dispersion per a unit loss is 
200 ps/nm/dB or higher, a cut-off wavelength for used length and used condition is 1.53 
|im or lower, an outer diameter of a cladding is 80^m to lOO^m, an outer diameter of 
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coating is 160nm to 200^m, and a viscosity of a surface of a coating resin is 10gf7mm or 
lower, more preferably 1 gfi^nun or lower. 

By doing this, it is possible to realize a dispersion-compensated optical fiber 
which can be contained in a small module in which a module loss is low and there is not 
an outstanding increase in a loss in a long wavelength which is caused by the bending loss 
and the micro-bend characteristics with compared to a conventional module for a 
dispersion-compensated optical fiber even if it is woxmd in a small reel. 

Regarding a PMD, it is preferable to be 03 ps/Vkm in any one of the above 
explained first and the second example. More preferably, it is 0.2 ps/Vkm. 

A PMD is a dispersion which is caused because a degeneracy is released by 
forming a core of a single mode optical fiber in an oval shape; thus, a group delay 
difference is generated between a two orthogonal polarization modes. Therefore, the 
PMD has not been a big problem because it has been possible to ignore the PMD in a 
conventional communication speed. However, the PMD is a factor for a cause of a 
transmission characteristics deterioration in a large-capacity optical communication 
system. A limitation for a transmission distance for the PMD can be represented by a 
formula (4) below. 

B-PMDWL<100 (4) 

Here, B indicates a transmission speed [Gb/s]. PMD indicates a polarization 
mode dispersion [ps/Vkm]. L indicates a fiber length [km]. Although a required value 
for the PMD is different according to the transmission speed and the transmission distance, 
it is necessary to maintain the PMD in as low as possible if a future upgrading operation 
(for example, an enhancement for the transmission speed) is taken into account for a 
transmission system. 

A third example for a dispersion-compensated optical fiber according to the 
present invention is formed such that, in a W-type refi-active index profile as shown in 
FIGS. 1(a), (b), a ratio b/a of a radius of the intermediate core section wdth reference to the 
radius of the center core section is 1.5 to 3.5, a radius of the core is 4 nm to 8 |am, a 
relative refiractive index difference Al of the center core section la with reference to the 
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cladding 2 is +1.6 % to +2.6 %, a relative refractive index difference A2 of the 
intermediate core section lb with reference to the cladding 2 is -0.30 % to -1.4 %. A 
third example for the dispersion-compensated optical fiber according to the present 
invention is formed such that, in a W-type profile with a ring which is shown in FIG. 1(c), 
a ratio b/a of the center core section with reference to the radius of the center core section 
is 1.5 to 3.5, a ratio c/b of the ring core section with reference to the radius of the 
intermediate core section is 1.2 to 2.0, a radius of the core is 4 jim to 8|xm, a refractive 
index difference Al of the center core section la with reference to the cladding 2 is 
+1.6 % to +2.6%, a refractive index difference A2 of the intermediate core section lb with 
reference to the cladding 2 is -0.30% to -1.4%, and a refractive index difference A3 of the 
ring core section Ic with reference to the cladding 2 is +0.30% to +1.0% Also, the 
dispersion-compensated optical fiber in this example is specified by specific values below 
in addition to these structures. Such specific values are such that, in at least a 
wavelength which is selected from 1.53 |xm to 57 \im, a bending loss is 5 dB/m or lower 
when it is would by a 20 mm bending diameter, a wavelength dispersion is -120-ps/nm/km 
or lower, an absolute value of the wavelength dispersion per a unit loss is 200 ps/nm/dB or 
higher, a cut-off wavelength for used length and used condition is 1.53 |im or lower, a 
quotient which is obtained by dividing the dispersion slope by the wavelength dispersion 
is 0.0026 nm * to 0.010 nm an outer diameter of a cladding is 80|im to 100|im, an outer 
diameter of coating is 160|im to 200^m. 

By using such a dispersion-compensated optical fiber, it is possible to contain it 
in a small module with compared to a conventional module for a dispersion-compensated 
optical fiber in which a module loss is low and there is not an outstanding increase in a 
loss in a long wavelength which is caused by the bending loss and the micro-bend even if 
it is wound in a small reel. Typically, it is possible to realize a dispersion-compensated 
optical fiber which is suitable for the S-SMF which has an RDS typically such as 0.0034 
nm'^ in 1.55^m and an NZ-DSF which has a typical RDS such as 0.007 nm'^ to 0.010 nm*^ 
in 1 .55 ^m bandwidth. 

A fourth example for a dispersion-compensated optical fiber according to the 
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present invention is fonned such that, in a W-type refractive index profile as shown in 
FIGS. 1(a), (b), a ratio b/a of a radius of the intermediate core section with reference to the 
radius of the center core section is 1.5 to 3.5, a radius of the core is 4 ^im to 8 jim, a 
relative refractive index difference Al of the center core section la with reference to the 
cladding 2 is +1.6 % to +2.6 %, a relative refractive index difference A2 of the 
intermediate core section lb with reference to the cladding 2 is -0.30 % to -1,4 %. Also, 
a fourth example for the dispersion-compensated optical fiber according to the present 
invention is formed such that, in a W-type profile with a ring which is shown in FIG. 1(c), 
a ratio b/a of the center core section with reference to the radius of the center core section 
is 1.5 to 3.5, a ratio c/b of the ring core section with reference to the radius of the 
intermediate core section is 1 .2 to 2.0, a radius of the core is 4 \im to 8^m, a reflective 
index difference Al of the center core section la with reference to the cladding 2 is 
+1.6 % to +2.6%, a refractive index difference A2 of the intermediate core section lb with 
reference to the cladding 2 is -0.30% to -1.4%, and a refractive index difference A3 of the 
ring core section Ic with reference to the cladding 2 is +0.i30% to +1.0% Also, the 
dispersion-compensated optical fiber in this example is specified by specific values below 
in addition to these structures. Such specific values are such that, in at least a 
wavelength which is selected from 1.57 |im to 1.63 fim, a bending loss is 5 dB/m or lower 
when it is would by a 20 mm bending diameter, a wavelength dispersion is -120 ps/nm/km 
or lower, an absolute value of the wavelength dispersion per a unit loss is 200 ps/nm/dB or 
higher, a cut-off wavelength for used length and used condition is 1.57 ^m or lower, a 
quotient which is obtained by dividing the dispersion slope by the wavelength dispersion 
is 0.0022 nm*^ to 0.010 nm'\ an outer diameter of a cladding is SO^im to lOOjmi, an outer 
diameter of coating is 160^m to 200^un. 

By using such a dispersion-compensated optical fiber, it is possible to contain it 
in a small module with compared to a conventional module for a dispersion-compensated 
optical fiber in which a module loss is low and there is not an outstanding increase in a 
loss in a long wavelength which is caused by the bending loss even if it is wound in a 
small reel. Compatibly, the RDS in 1.57 |im to 1.63 [im is 0.0022 nm"* to 0.010 nm ^ 



19 

Therefore, typically, it is possible to realize a dispersion-compensated optical fiber which 
is suitable for the S-SMF which has an RDS typically such as 0.0029 nm'' in 1 .59jim and 
an NZ-DSF which has a typical RDS such as 0.005 nm ' to 0.010 nm** and a wavelength 
dispersion approximate several ps/nm/km in 1.59 |im bandwidth. 

Also, it is possible to prevent a deterioration of the module loss due to the 
deformed winding operation and a deterioration of the PMD by forming a module for a 
dispersion-compensated optical fiber by winding the above explained dispersion- 
compensated optical fiber in a reel which has 90 nun of a minimum cylinder diameter at a 
winding tension between 30 g to 50 g. Also, it is possible to reduce the deterioration of 
the module loss due to the micro-bend; therefore, it is possible to realize a small module 
for a dispersion-compensated optical fiber which has a stable characteristics against a 
vibrating collision and a fluctuation of the temperature. 

Hereinafter, specific examples are shown. 
(Example 1) 

Dispersion-compensated optical fibers are produced with a W-type profile 
shown in FIG. 1(b) and a W-type profile with a ring shown in FIG. 1(c) according to a 
commonly known method such as a VAD method, an MCVD method, or a PCVD method. 
Under such a condition, values such as Al, A2, A3, b/a, c/b, a core radius, a diameter of 
the cladding, an outer diameter of a first coating layer, and an outer diameter of a second 
coating layer are made so as to be values shown in a TABLE 1 under condition that an 
atmospheric oxygen density should be 0.1 % or lower (0.0% when it is displayed) when an 
ultraviolet-ray-curable resin is hardened while being drawn. 

Here, a dispersion-compensated optical fiber in No. 1 is produced so as to have 
an outer diameter of the conventional cladding and a coating structure for a purpose of a 
comparison. The dispersion-compensated optical fibers shown in No. 2 to No. 6 are 
examples of the optical fiber according to the present invention. 
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Optical characteristics for these dispersion-compensated optical fibers are shown 
in a TABLE 2. 

In these dispersion-compensated optical fiber, values such as Al, A2, A3, b/a, c/b, 
and a core radius are set to be values shown in the TABLE 1 . By doing this, it was 
possible to increase an absolute value of the wavelength dispersion per a unit length of an 
optical fiber and decrease the bending loss. Also, a first coating layer of which Young's 
modulus is 0.15 kgf/mm^ or lower and a second coating layer of which Young's modulus 
is 50 kgf^mm^ or higher are formed on an outer periphery of the cladding of which outer 
diameter is 80 ^m to 100 |im. 

The outer diameter of the coating of this dispersion-compensated optical fiber is 
as narrow as 160 |im to 200 ^m; thus, it is possible to form a small module thereby. 
Also, an optical characteristics for a module of the dispersion-compensated optical fiber 
and module size are shown in TABLE 3 under condition that a module is formed by 
winding these dispersion-compensated optical fiber in a small reel of which cylinder 
diameter is 80 mm by 40 g of winding tension and connecting a 1 .3 ^m bandwidth zero- 
dispersion single mode optical fiber with connecters to both ends thereof. These 
modules for the dispersion-compensated optical fiber serve for S-SMF 100 km 
compensation. 
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According to the TABLE 3, it is understood that a dispersion-compensated 
optical fiber is realized in which a module loss is low, and there is not an increase in a loss 
which is caused by a bending loss even if it is wound in a small reel and it is possible to 
contain thereof in a small module of which volume ratio is 50 % or lower with compared 
to a conventional module for a dispersion-compensated optical fiber. 
(Example 2) 

Four variations of dispersion-compensated optical fibers with a W-type profile 
shown in FIG. 1(c) are produced according to a commonly known method such as a VAD 
method, an MCVD method, or a PCVD method. Under such a condition, values such as 
Al, A2, A3, b/a, c/b, and a core radius are made so as to be values shown in a TABLE 4 
under condition that an atmospheric oxygen density should be 0.1 % or lower (0.0% when 
it is displayed) when an ultraviolet-ray-curable resin is hardened while being drawn. 

Here, a dispersion-compensated optical fibers in No. 7 to No. 9 are produced so 
as to have conventional dispersion characteristics for a purpose of a comparison. The 
dispersion-compensated optical fiber shown in No. 2 is an example of the optical fiber 
according to the present invention. 
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Optical characteristics for these dispersion-compensated optical fibers are shown 
in a TABLE 5. 

In these dispersion-compensated optical fiber, values such as Al, A2, A3, b/a, cA), 
and a core radius are set to be values shown in the TABLE 4. By doing this, values for 
the wavelength dispersion were varied without changing the bending loss. The outer 
diameter of the cladding. Young's modulus and thickness of the first coating layer, and 
Young's modulus and thickness of the second coating layer are the same. 

A module is formed by winding these dispersion-compensated optical fiber in a 
small reel of which cylinder diameter is 80 mm by 40 g of winding tension and connecting 
a 1 .3 |im bandwidth zero-dispersion single mode optical fiber with connecters to both ends 
thereof The module dispersion is -1700 ps/nm which is equivalent for S-SMF 100km 
compensation. Optical characteristics of the module of the dispersion-compensated 
optical fiber and the module size are shown in TABLE 6 when they are produced. 
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According to the TABLE 6, it is understood that a module for a dispersion- 
compensated optical fiber which uses a dispersion-compensated optical fiber No. 7 of 
which wavelength dispersion is -90ps/nm/km has 47 % of volume ratio with reference to a 
conventional module. Dispersion-compensated optical fiber No. 8 with -83 ps/nm/km 
and a dispersion-compensated optical fibers No. 8 and No. 9 which use a dispersion- 
compensated optical fiber No. 9 with -77 ps/nm/km have 50 % of volume ratio or higher 
with reference to the conventional module; thus, it is understood that a smaller device is 
not realized sufficiently. According to these results, it is understood that it is necessary 
that the absolute value for the wavelength dispersion should be 120 ps/nm or higher (-120 
ps/nm/km or lower) at least. 
(Example 3) 

Five variations of dispersion-compensated optical fibers with a W-type profile 
shown in FIG. 1(b) or with a W-type profile with ring as shown in FIG. 1(c) are produced 
according to a commonly known method such as a VAD method, an MCVD method, or a 
PCVD method Under such a condition, vedues such as Al, A2, A3, h/si, c/b, a core radius, 
a diameter of the cladding, an outer diameter of a first coating layer, and an outer diameter 
of a second coating layer are made so as to be values shown in a TABLE 1 under 
condition that an atmospheric oxygen density should be 0.1 % or lower (0.0% when it is 
displayed) when an ultraviolet-ray-curable resin is hardened while being drawn. 

Here, a dispersion-compensated optical fibers in No. 12 to No. 13 are produced 
so as to have conventional dispersion characteristics for a purpose of a comparison. The 
dispersion-compensated optical fiber shown in No. 2, No. 10, and No. 1 1 are ex£imples of 
the optical fiber according to the present invention. 
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Optical characteristics for these dispersion-compensated optical fibers are shown 
in a TABLE 8. 

In these dispersion-compensated optical fiber, values such as Al, A2, A3, b/a, c/b, 
and a core radius are set to be values shown in the TABLE 8 by changing the bending loss. 
The outer diameter of the cladding. Young's modulus and thickness of the first coating 
layer, and Young's modulus and thickness of the second coating layer are the same. 

Optical characteristics for a module of the dispersion-compensated optical fiber 
are shown in TABLE 9 under condition that a module is formed by winding these 
dispersion-compensated optical fiber in a small reel of which cylinder diameter is 80 mm 
by 40 g of winding tension and connecting a 1 .3 |im bandwidth zero-dispersion single 
mode optical fiber with connecters to both ends thereof. 

Also, loss wavelength characteristics of these modules are shown in FIG. 5. 
Temperature characteristics are shown in FIG. 6. 
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In the TABLE 9, although it is understood that the module losses are equivalent, 
there is a rapid increase in loss in a long wavelength if a bending loss is greater than that 
in FIG. 5, and there is a great loss in a usage wavelength range if the bending loss exceeds 
5 dB/m. Although it is possible to use a module by limiting a usage wavelength range 
even if there is such a loss deterioration, it is not possible to use it because the loss 
deterioration is great if it exceeds 5 dB/m. 

Furthermore, according to FIG. 6, it is xmderstood that the temperature 
characteristics for the module loss in the module for the dispersion-compensated optical 
fiber which has a great bending loss is deteriorated in line with em increase in the bending 
loss. According to these factors, it is necessary that the bending loss of the dispersion- 
compensated optical fiber should be 5 dB/m or lower according to the present invention. 
Example 4 

Six variations of dispersion-compensated optical fibers with a W-type profile 
shown in FIG. 1(c) are produced according to a commonly known method such as a VAD 
method, an MCVD method, or a PCVD method. Under such a condition, they are 
produced such that values such as Al, A2, A3, b/a, c/b, and a core radius are made so as to 
be shown in a TABLE 10. Under such a condition, the outer diameter of the cladding 
was varied in a range of 60 ^m to 1 10 |im. In the first coating layer and the second 
coating layer, thickness are made constant such as 22.5 fim and 20 jxm respectively. It is 
shown in the TABLE 10 together with parameters for refiractive index distribution. 

Here, a dispersion-compensated optical fibers in No. 14, No. 15, and No. 19 are 
produced for a purpose of a comparison. The dispersion-compensated optical fibers 
shown in No. 2, No. 16 to No. 1 8 are examples of the optical fiber according to the present 
invention. 
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Optical characteristics for these dispersion-compensated optical fibers are shown 
in a TABLE 11. It shows an identical optical characteristics. 

A characteristics for a module of the dispersion-compensated optical fiber are 
shown in TABLE 12 under condition that a module is formed by winding these 
dispersion-compensated optical fiber in a small reel of which cylinder diameter is 80 mm 
by 40 g of winding tension and connecting a 1 .3 |im bandwidth zero-dispersion single 
mode optical fiber with cormecters to both ends thereof. Also, these module loss 
wavelength characteristics are shown in FIG. 7. 
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According to the TABLE 12, it is understood that ahhough the module which 
uses the dispersion-compensated optical fibers of No. 14 and No. 15 is small with 
compared to conventional modules if it is wound in a small reel of which cylinder 
diameter is 80 mm, the module loss is deteriorated. Also, according to the TABLE 7, in 
particular, it is understood that the loss deterioration in a long wavelength is conspicuous. 
It is understood that although the module loss is not deteriorated in the module for the 
dispersion-compensated optical fiber in which a dispersion-compensated optical fiber No. 
18 of which outer diameter of the cladding is 100 |im or greater, the module is not small 
sufficiently. 

According to these factors, it is understood that the outer diameter of the 
cladding should preferably be 80 ^m to 100 |im. 
(Example 5) 

Five variations of dispersion-compensated optical fibers with a W-type profile 
shown in FIG. 1 (c) are produced according to a commonly known method such as a V AD 
method, an MCVD method, or a PCVD method. Under this condition, production is made 
such that Al, A2, A3, b/a, c/b, a core radius, a diameter of the cladding. Young's modulus 
and thickness of the first coating layer, and Young's modulus and thickness of the second 
coating layer are constant as shown in the TABLE 13. The surface viscosity was varied 
in a range of 0.1 to 12 gfi^mm by varying an atmospheric oxygen density during a drawing 
operation in a range of 0.1 % to several percents when an ultraviolet-ray-curable resin is 
hardened. 

Here, a dispersion-compensated optical fibers in No. 2, No. 20 to No. 22 are 
embodiments for the optical fiber according to the present invention. The dispersion- 
compensated optical fiber No. 23 is produced for a pxirpose of comparison. 
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Optical characteristics for these dispersion-compensated optical fibers are shown 
in a TABLE 14. 

In these dispersion-compensated optical fibers, only the surface viscosity were 
different; thus, the other optical characteristics were identical. 

Optical characteristics for a module of the dispersion-compensated optical fiber 
and module size are shown in TABLE 15 under condition that a module is formed by 
winding these dispersion-compensated optical fiber in a small reel of which cylinder 
diameter is 80 mm by 40 g of winding tension and connecting a L3 ^im bandwidth zero- 
dispersion single mode optical fiber with connecters to both ends thereof. Also, 
temperature characteristics for the module loss of these modules are shown in FIG. 8. 
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According to the TABLE 15, it is understood that the optical characteristics and 
the module size are identical. However, according to FIG. 8, it is understood that the 
deterioration of the module loss under a low temperature condition is great according to an 
increase in a value of the surface viscosity. It is necessary that the module for the 
dispersion-compensated optical fiber should have stable optical characteristics against a 
various circumstance temperature. In general, it is required that the fluctuation of the 
module loss should vary with in ± 0.5 dB or lower under condition a usage temperature 
range is -5 "^C to +75 ''C. According to these factors, it is understood that the surface 
viscosity should be 10 gf/mm or lower. More preferably, it should be 1 gf/nrni or lower. 
(Example 6) 

A dispersion-compensated optical fibers with a W-type profile shown in FIG. 
1(c) is produced according to a commonly known method such as a VAD method, an 
MCVD method, or a PCVD method. Under such a condition, they are produced such that 
values such as Al, A2, A3, b/a, c/b, and a core radius are made so as to be shown in a 
TABLE 16. Under such a condition, although an outer diameter of the cladding is 
constant, the thickness of the coating layer in each layer and the Young's modulus were 
varied. 

Here, a dispersion-compensated optical fibers in No. 2, No. 24, and No. 28 are 
embodiments for the optical fiber according to the present invention. The dispersion- 
compensated optical fibers No. 25 to No. 27, and No. 29 to No. 32 are produced for a 
purpose of comparison. 
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Optical characteristics for these dispersion-compensated optical fibers are shown 
in a TABLE 17. 

In these dispersion-compensated optical fibers, theAl, A2, A3, b/a, c/h, and a 
core radius are constant; therefore, the optical characteristics were identical. 

A screening test was performed before forming a module of these dispersion- 
compensated optical fibers. In the screening test, a constant expansion distortion is 
applied to an optical fiber in a longitudinal direction of the optical fiber so as to remove a 
low-rigidity part. In order to secure a reliability test of the module of the dispersion- 
compensated optical fiber, a rigidity which is greater than a certain level is required for the 
dispersion-compensated optical fiber which is used there. Under condition that a test is 
performed for applying 1 % of expansion distortion for 1 (one) second. No. 26, 27, 31, and 
32 were disconnected in several hundreds meters; thus, it was not possible to obtain a 
sufiRcient length (for example, approximately 10 km or more) for producing the module. 
This is because the Young's modulus of the second coating layers in No. 26, No. 27 is low 
and there is a lack of rigidity for enduring the expansion distortion in the No. 3 1, 32 of 
which second coating layers are thin. 

Optical characteristics for a module of the dispersion-compensated optical fiber 
and module size are shown in TABLE 1 8 under condition that a module is formed by 
winding these dispersion-compensated optical fibers which has a necessary fiber length by 
the screening test in a small reel of which cylinder diameter is 80 mm by 40 g of winding 
tension and connecting a 1 .3 nm bandwidth zero-dispersion single mode optical fiber with 
connecters to both ends thereof. Also, the loss wavelength characteristics for these 
modules are shovm in FIG. 9. 
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According to the TABLE 1 8, although it is understood that there is not a great 
loss deterioration in 1 .55 ^m, according to FIG. 9, it is understood that the module loss is 
deteriorated in a long wavelength in the module in which the dispersion-compensated 
optical fibers No. 25, 29, and 30 are used. This is because the Yoimg's modulus in the 
first coating layer which serves as an absorbing layer is high in No. 25. Also, this is 
because the loss is deteriorated because an influence of a side pressure reaches at the core 
section via the cladding because the first coating layer is thin in No. 29, 30. 

According to these factors, it is understood that it is necessary that the Young's 
modulus in the first coating layer should be 0.15 kgf/mm^ or lower, the Young's modulus 
in the second coating layer should be 50 kgf/mm^ or higher, and the thickness of the 
second coating layer should be 15 |im to 30 jxm. 
(Example 7) 

Seven variations of dispersion-compensated optical fibers with a W-type profile 
shown in FIG. 1(b) or with a W-type profile with ring as shown in FIG. 1(c) are produced 
according to a commonly known method such as a VAD method, an MCVD method, or a 
PCVD method Under such a condition, they are produced such that values such as Al, A2, 
A3, b/a, c/b, and a core radius are made so as to be shown in a TABLE 19. 

Here, a dispersion-compensated optical fibers in No. 2, No. 33 to No. 37 are 
embodiments for the optical fiber according to the present invention. The dispersion- 
compensated optical fibers No. 38 and No. 39 are produced for a purpose of comparison. 
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Optical characteristics for these dispersion-compensated optical fibers are shown 
in a TABLE 20. 

A value for an RDS which is an index for indicating a performance of the 
dispersion slope compensation was 0.0017 nm*' to 0.0107 nm*'. A dispersion- 
compensated optical fiber No. 33 is a dispersion-compensated optical fiber for 
compensating a wavelength-dispersion-compensated optical fiber of NZ-DSF. A 
characteristics for a module of the dispersion-compensated optical fiber are shown in 
TABLE 21 under condition that a module is formed by winding these dispersion- 
compensated optical fiber in a small reel of which cylinder diameter is 80 mm by 40 g of 
winding tension and connecting a 1 .3 nm bandwidth zero-dispersion single mode optical 
fiber with connecters to both ends thereof. A dispersion curve is shown in FIG. 10 xmder 
condition a dispersion compensation is performed by using a module for the dispersion- 
compensated optical fiber which is produced by using the dispersion-compensated optical 
fibers No. 2, 34, 35, 38, and 39. 
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According to FIG. 10, it is understood that a remaining dispersion is great on 
both ends of the usage wavelength bandwidth in No. 38 in which the RDS is small and No. 
39 in which the RDS is great; thus, the remaining dispersion is a disturbance for 
performing a high speed transmission if a transmission distance of the S-SMF is long. 
(Example 8) 

Seven variations of dispersion-compensated optical fibers with a W-type profile 
shown in FIG. 1(b) or with a W-type profile with ring as shown in FIG. 1(c) are produced 
according to a commonly known method such as a VAD method, an MCVD method, or a 
PCVD method Under such a condition, they are produced such that values such as Al, A2, 
A3, b/a, c/b, and a core radius are made so as to be shown in a TABLE 22. 

Here, dispersion-compensated optical fibers in No. 40 to No. 45 are 
embodiments for the optical fiber according to the present invention. The dispersion- 
compensated optical fibers No. 46 and No. 47 are produced for a purpose of comparison. 
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Optical characteristics for these dispersion-compensated optical fibers are shown in a 
TABLE 23. 

These dispersion-compensated optical fibers are fibers for compensating the remaining 
dispersion in an L-band (wavelength 1.565 |im to 1.625 |im) of the transmission fiber; therefore, 

5 the measurement wavelength was set at 1 .59 fim. A value for an RDS which is an index for 
indicating a performance of the dispersion slope compensation weis 0.0010 nm'^ to 0.0133 nm"'. 
A dispersion-compensated optical fiber No. 41 is a dispersion-compensated optical fiber for 
compensating a wavelength-dispersion-compensated optical fiber of NZ-DSF. 

A characteristics for a module of the dispersion-compensated optical fiber are shown in 

10 TABLE 24 under condition that a module is formed by winding these dispersion-compensated 
optical fiber in a small reel of which cylinder diameter is 80 mm by 40 g of winding tension and 
connecting a 1 .3 jam bandwidth zero-dispersion single mode optical fiber with connecters to both 
ends thereof. A dispersion curve is shown in FIG. 1 1 under condition a dispersion 
compensation is performed by using a module for the dispersion-compensated optical fiber 

15 which is produced by using the dispersion-compensated optical fibers No. 42, 44, 45, 46, and 47. 
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According to FIG. 1 1 , it is understood that a remaining dispersion is great on both ends 
of the usage wavelength bandwidth in No. 46 in which the RDS is small and No. 47 in which the 
RDS is great; thus, the remaining dispersion is a disturbance for performing a high speed 
transmission if a transmission distance of the S-SMF is long. 

Industrial Applicability 
As explained before, according to the present invention, it is possible to contain it in a 
small module with compared to a conventional module for a dispersion-compensated optical 
fiber in which a module loss is low, the PMD is low, and there is not an increase in a loss which 
is caused by the bending loss even if it is wound in a small reel. Compatibly, it is possible to 
realize a dispersion-compensated optical fiber which is suitable for the S-SMF and the NZ-DSF. 
In particular, it is possible to realize a module for a dispersion-compensated optical fiber in 
which there is not an outstanding increase in a loss which is caused by a micro-bend 
characteristics in a long wavelength, it is possible to contain in a small module with compared to 
a conventional module for a dispersion-compensated optical fiber, and there is a stable 
temperature characteristics such as ± 0.5 dB or lower module loss in an ordinary usage 
temperature range (-S^'C to +70°C). 



